Main results
Three trials satisfied the inclusion criteria. A chemical cured composite was compared with a light cured composite (one trial), a conventional glass ionomer cement (one trial) and a polyacid-modified resin composite (compomer) (one trial). The quality of the trial reports was generally poor.
Authors' conclusions
There is no clear evidence on which to make a clinical decision of the type of orthodontic adhesive to use.
P L A I N L A N G U A G E S U M M A R Y

Adhesives for fixed orthodontic brackets Background
It is useful for a clinician to know the best adhesive for fixing orthodontic brackets, so they do not fail during treatment. Bracket failure increases the time spent in surgery for repairs and the overall treatment time. At present orthodontics can choose between four groups of adhesives which may be set with a chemical reaction or curing light. Some adhesives may prevent early decay around brackets because they contain fluoride.
Study characteristics
The evidence in this review, which was carried out together with Cochrane Oral Health, is up-to-date as of 26 September 2017. We included three studies: a chemical cured composite was compared with a light cured composite (one trial), a conventional glass ionomer cement (one trial), and a polyacid-modified resin composite (compomer) (one trial). The quality of the trial reports was generally poor.
Key results
B A C K G R O U N D
Orthodontic treatment involves using fixed or removable appliances on teeth, mostly in early teenage children, to correct crooked teeth. In England and Wales between April 1999 and March 2000, claims for orthodontic treatment were made by the General Dental Services (DPB 2000) at an approximate cost of GBP 57 million to the National Health Service.
The majority of orthodontic treatment is carried out in children aged 10 to 14 years and is primarily concerned with correcting severe crowding and rotations, buried teeth and very prominent teeth. In the UK, epidemiological data revealed that two thirds of 11 to 12 year old children had either a moderate or severe need for orthodontic treatment (Evans 1987; Holmes 1992) . There is also a huge demand for treatment as shown by the current long length of waiting lists, with an average wait of 16 months in the British Dental Services (Russell 1999) .
Description of the intervention Treatment with fixed orthodontic appliances
It has been shown that the quality of fixed appliance treatment is much higher than with removable appliances (O'Brien 1993; Richmond 1993) and it is therefore the way that most orthodontists like to treat their patients.
Adhesives for fixed orthodontic appliances
The success of a fixed orthodontic appliance depends on the metal brackets being bonded to the teeth so that they do not fall off (debond) and protection against caries (decay) during treatment. There should be a low rate of failure. The need to replace brackets frequently, during a 2-year course of treatment, slows down the progress of treatment with a fixed appliance. It can also be costly in terms of clinical time, materials and time lost from education/ work for the patient. Orthodontic brackets are subjected to a large number of forces in the mouth resulting in a complex distribution of stresses within the adhesive and its junctions with the tooth surface and the bracket base (Sunna 1998). Ideally the adhesive should be:
• strong enough to keep the brackets bonded to the teeth for the length of the treatment;
• not so strong that the tooth surface is damaged when the appliance is removed;
• easy to use clinically;
• protect against dental caries (decay);
• be available at a reasonable cost.
Adhesives currently available for bonding brackets to teeth are those with a resin/matrix composition, similar to 'white' filling materials (composites) and those supplied as a powder with liquid, or powder with water (glass ionomer cements). Composites have been modified in recent years to form polyacid-modified resin composites (compomers). Glass ionomers have been modified by adding a resin to form resin-modified glass ionomer cements. Composites and glass ionomer cements may be set by a chemical reaction within the adhesive (chemical curing) or this may be triggered by shining a blue light onto the adhesive (light curing).
Why it is important to do this review
The question which of these four groups of adhesives bond most reliably to teeth, as well as reducing or preventing dental caries (decay), remains to be answered. This is an update of the Cochrane Review first published in 2003. A new full search was conducted on 26 September 2017 but no new studies were identified. We have only updated the search methods section in this new version. The conclusions of this Cochrane Review remain the same.
O B J E C T I V E S
To evaluate the effects of orthodontic adhesives in terms of whether or how often the bracket comes off during treatment (binary or continuous variable).
M E T H O D S
Criteria for considering studies for this review
Types of studies
Only randomised controlled trials (RCTs) and controlled clinical trials (CCTs) (using quasi-methods of randomisation e.g. alternation) that compared adhesives to attach fixed orthodontic appliances to teeth were included in this review. The fixed appliance should be attached to most of the teeth in at least one jaw. The trials included should compare at least two different groups of adhesives.
Types of participants
Patients with fixed appliances attached to their teeth. Patients with cleft lip or palate or both or any other syndrome were excluded. Additionally patients involved in any type of surgery including surgical uncovering (exposure) of buried teeth, but not surgical extraction of teeth as part of the orthodontic treatment plan were excluded.
Types of interventions
Adhesives used to fix orthodontic appliances to teeth. The adhesives refer to those that attach the metal brackets to the front teeth and not the adhesives used to attach metal bands to the molar teeth. Studies are excluded which:
• compared adhesives from the same group, that used the same curing mechanism
• used ceramic or plastic brackets • used lingual appliances • varied etching times • did not follow the patients to the end of appliance treatment • reported the data incorrectly or with insufficient information so that it could not be used in the review, unless the authors could supply appropriate data.
Comparison of adhesives
A comparison was made between light cured and chemical cured adhesives for the following groups.
• Conventional composite (will be referred to as 'composite').
• Conventional glass ionomer cement (GIC).
• Polyacid-modified composites (compomers).
• Resin-modified glass ionomer cement.
Comparisons were made between the above groups of adhesives and within groups, between chemical and light cured adhesives.
Types of outcome measures
• Primary outcomes: binary data on the failure of each adhesive (whether metal bracket stays stuck to the tooth or not) were recorded. It was planned that where these data were not available annualised failure rate of adhesives, i.e. the rate at which the metal brackets fall off the teeth during treatment, would be noted if possible, however, no trial reports gave us this information.
• Secondary outcomes: binary data on the presence or absence of decay (decalcification) associated with or around the brackets were recorded if available.
Search methods for identification of studies Electronic searches
Cochrane Oral Health's Information Specialist conducted systematic searches in the following databases for randomised controlled trials and controlled clinical trials without language or publication status restrictions: Subject strategies were modelled on the search strategy designed for MEDLINE Ovid. Where appropriate, they were combined with subject strategy adaptations of the highly sensitive search strategy designed by Cochrane for identifying randomised controlled trials and controlled clinical trials as described in the Cochrane Handbook for Systematic Reviews of Interventions Chapter 6 (Lefebvre 2011).
Searching other resources
The following trial registries were searched for ongoing studies (see Appendix 5 for details of the search strategy):
• US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (clinicaltrials.gov; searched 26 September 2017);
• World Health Organization International Clinical Trials Registry Platform (apps.who.int/trialsearch; searched 26 September 2017).
Handsearching of the following journals was carried out by the review authors: All first authors of trials were contacted in an attempt to identify any unpublished studies and clarify information about published trials (including missing data, method of randomisation, blinding and withdrawals). The references quoted in the included studies were screened for any further trials. Manufacturers of adhesives were contacted to confirm the adhesive type. We searched the reference lists of included studies and relevant systematic reviews for further studies.
We did not perform a separate search for adverse effects of interventions used, we considered adverse effects described in included studies only.
Data collection and analysis
All authors were involved in handsearching. Two authors independently screened titles and abstracts from the electronic searches and identified eligible studies, carried out the quality assessment of included studies and extracted the data in duplicate without blinding to the authors, or adhesives used. A third review author, Helen Worthington (HW), assisted with data analysis and where doubt existed about the inclusion of trials. The date that the study was conducted, the year of publication, treatments, outcomes, sample size and age of subjects were recorded. The number recruited and details of withdrawals by study group were recorded. The primary outcome measures were adhesive failure and decalcification. Other reported outcomes were recorded for descriptive purposes. Studies eligible for inclusion were identified. The results of the randomised controlled trials (RCTs) and controlled clinical trials (CCTs) were analysed using RevMan and reported according to Cochrane Collaboration criteria.
Quality assessment
The quality of each paper included was assessed, independently, by two people (Nicky Mandall (NM) and Rye Mattick (CRM); Declan Millett (DTM) and Joy Hickman (JH2)). In the case of any discrepancies, the paper was assessed by a third person. The quality assessment included concealment of randomisation, sample size calculation, inclusion and exclusion criteria, completeness of follow up, management of study drop outs and examiner blinding, whether control and treatment groups were comparable at entry and whether groups are treated identically other than the named intervention.
Assessment of the appropriateness of the statistical analysis
Two authors, who are senior statisticians (Helen Worthington (HW), Tatiana Macfarlane (TM)), assessed all the eligible studies for the appropriateness of their statistical analysis. The results of the assessments were compared during a consensus meeting. The statistical analysis was considered inappropriate if.
• A split-mouth design where an inappropriate statistical test was used, that did not take the clustering of the teeth or 'pairing' into account.
• All failures were included without taking into account multiple failures on the same tooth.
There were insufficient studies to conduct a planned sensitivity analysis to see how the quality affected any treatment effects.
Data synthesis
The following data synthesis was planned however there were insufficient trials to conduct a meta-analysis or any of the other procedures below.
1. To assess heterogeneity by inspection of a graphical display of the estimated treatment effects from the trials along with their 95% confidence intervals and by Cochran's test for homogeneity undertaken before each meta-analysis.
2. Follow the Cochrane Statistical Methods Group guidelines, calculating summary risk ratio values along with 95% confidence intervals using a random-effects model. The number needed to treat (NNT) was to be calculated to prevent one extra bracket failing, as appropriate.
3. Undertake a sensitivity analysis as follows: excluding unpublished studies, excluding studies of low quality; excluding one or more large studies to assess how much they dominate the results.
4. To investigate publication and other biases by drawing a funnel plot (plots of effect estimates versus the inverse of their standard errors). Asymmetry of the funnel plot may indicate publication bias and other biases related to sample size, though it may also represent a true relationship between trial size and effect size. It was planned to conduct a formal investigation of the degree of asymmetry using the method proposed by Egger et al (Egger 1997) .
5. No subgroup analyses were planned. Where the statistical analysis was appropriate, the data tended to be presented without standard deviations, or with statistical techniques which were not amenable to meta-analysis. Therefore, the results of the trials included in the review will be presented in narrative form only. 
R E S U L T S Description of studies
Characteristics of the trial settings and investigators
Of the 25 eligible studies, 22 were excluded for the following reasons:
• in seven trials the comparisons were of two chemically cured composites (Ash 1996; Banks 1997; Chung 2000; Mitchell 1992; Turner 1993; Underwood 1989; Zacchrisson 1978) • in one trial the comparison was of two-light cured composites (Sonis 1989) • in ten trials the statistical analysis was inappropriate (eight trials: Fricker 1992; Fricker 1994; Fricker 1998; Lovius 1987; Miguel 1995; Miller 1996; Sunna 1998; Trimpaneers 1996) or unclear (two trials: Cacciafesta 1999; Shamma 1999) and the data presented were not in a form for correct analysis
• in three trials the patients were not followed through to the end of treatment (DeSaeytijd 1994; Galindo 1998; Gaworski 1999) • in the split-mouth studies, it is important that the data are analysed taking the clustering or pairing within the patient into account. Six trials failed to do this (Fricker 1992; Fricker 1994; Fricker 1998; Miguel 1995; Sunna 1998; Trimpaneers 1996) and the analysis was unclear in a further split-mouth study (Cacciafesta 1999) . Two full mouth studies analysed teeth as though they were independent (ignoring clustering within patients (Miller 1996; Shamma 1999) ). A further study conducted a survival analysis including second time failures (Lovius 1987).
Letters were written to the authors of the 25 eligible studies and eleven replies were received clarifying that they knew of no unpublished studies. All the manufacturers of adhesives contacted responded and confirmed the adhesive group. Three trials were identified which fulfilled the inclusion criteria (Millett 2000; Norevall 1996; O'Brien 1989) . Two were randomised controlled trials (Norevall 1996; O'Brien 1989) and one was a controlled clinical trial (Millett 2000) , and all were carried out in a hospital setting. The countries where the trials were carried out were in the UK (two trials : Millett 2000; O'Brien 1989) and Sweden (one trial: Norevall 1996). All three trials used a splitmouth design and one trial reported decalcification as a secondary outcome. There are no other studies waiting assessment. See Figure 1 .
Characteristics of the participants
The three trials recruited between 45 and 60 patients who were between 10 years 8 months and 29 years of age.
Characteristics of the interventions
In one trial, decalcification was reported as a secondary outcome (Millett 2000) . Thus, the trials were divided for comparison of orthodontic adhesives as follows.
• Chemical cured composite versus light cured composite (O'Brien 1989).
• Chemical cured composite versus conventional glass ionomer cement (Norevall 1996).
• Chemical cured composite versus compomer (Millett 2000) .
No included studies involved a comparison with resin-modified glass ionomer cement.
Characteristics of outcome measurements
All three included trials reported adhesive failure as the number of teeth with debonded brackets and the percentage debond per group. Two studies (Norevall 1996; O'Brien 1989) reported debonds for the same adhesive but two different bracket bases: a mesh foil base compared with either a Dynalok cut groove base or GAC Microloc. One study (Millett 2000) reported decalcification as a secondary outcome. Although Norevall 1996 compared a chemical cured composite with a conventional glass ionomer cement decalcification was not recorded. For the third study (O'Brien 1989) decalcification was not an appropriate secondary outcome because two composite resins were compared, which do not have any scope to prevent decalcification.
Risk of bias in included studies
Selection bias
The two randomised controlled trials (RCTs) were assessed for allocation concealment and this was unclear in both trials. The papers did not report how or whether they concealed the treatment allocation until just before the bond-up procedure. The third study used alternation, therefore allocation concealment was considered as at high risk of bias.
Detection bias
The outcome of interest was debond which is a very definite outcome (cannot be half debonded). It has been assumed that the operator treating the patients recorded the debond and if this was the case it is unlikely that the operator was blinded to the adhesive allocation as the adhesives look different. Arguably, lack of reported blinding is less likely to be subjected to bias in view of the definitive primary outcome (debond). The outcome of decalcification is more prone to examiner bias unless the outcome assessor is blinded. The controlled clinical trial (CCT) where this was an outcome (Millett 2000) reported that examiner assessment of decalcification was blinded to the intervention. This is more easy to do because decalcification was measured after debonding at the end of treatment.
Performance bias
Groups treated identically apart from named intervention: as all the studies were designed as split-mouth trials, it is unlikely that different parts of the mouth were treated differently, although Millett 2000 reported identical treatment of patients, for example, bonding preparation, initial archwire, written instructions and the use of fluoride mouthwash. Blinding of the clinician to the treatment allocation would not be feasible in all studies, since the operator could not be blinded to specific clinical techniques, e.g. light curing of the adhesive versus chemical cure. Another clinician may be able to bond the appliance, the operator taking over the treatment and recording the outcome would then be blinded to the adhesive used. Blinding of the patient could be achieved, but would not necessarily be relevant, and was not discussed in any of the studies.
Attrition bias
It was unclear from the trial reports for all three trials whether there were any withdrawals or not. Two authors responded to correspondence. There were two dropouts in one study, but it was unclear which group (Millett 2000) and no dropouts or withdrawals in another study (Norevall 1996) . It was assumed that the data analysis was carried out on all the participants registered in the trials.
Other bias
• Sample size calculation: no trials reported this.
• Definition of inclusion/exclusion criteria: in all trials this was unclear or poorly defined.
• Completeness of follow-up: since no withdrawals were reported it appeared that greater than 80% follow-up was achieved for all included trials.
• Control and treatment groups comparable at entry: all included trials were a split-mouth design, this meant that there should be good comparability of adhesive groups within each patient. This factor was unlikely to have confounded the studies.
• The experience of the operator was not recorded and this could affect bonding performance. No discussion was made relating to the improved operator bonding performance as the clinician became more familiar with the different materials throughout the trial. There may be variability (and therefore performance bias) between different batches of the same material.
Effects of interventions Chemical cured (CC) composite versus light cured (LC) composite
Additional Table 1 summarises the proportion of bracket failures for a CC and LC composite with two different bracket bases (O'Brien 1989) . The paper reported the results of applying a Mantel-Haenszel Chi 2 test which found no statistically significant differences in bracket failure rates between the CC and LC composites studied. The adhesive names where not reported as they were experimental.
CC composite versus standard chemical cured glass ionomer cement (CC GIC)
The one trial article for this adhesive comparison reported the results of paired t-tests comparing different sides of the mouth. No standard deviations were presented, so we were unable to reproduce the data. The results suggested that standard CC GIC exhibited statistically significantly higher proportions of failed bracket compared with CC composite (P < 0.001) (Additional Table 2 ) (Norevall 1996) . It was surprising that decalcification rates were not reported as a secondary outcome, as clinically it is suggested that GIC is protective against decalcification.
CC composite versus compomer
There is only one trial in this composite group (Millett 2000) . As this was a split-mouth study the odds ratio taking into account the pairing was calculated as 0.86 (95% confidence interval (CI): 0.24 to 2.98), with no statistically significant differences between Dyract Ortho (compomer) and Right-On for bracket failure rates. However the paper reported that the compomer offered better protection against decalcification when compared by a sign test (P = 0.0075). (Additional Table 3 ).
D I S C U S S I O N
This systematic review of the literature, has highlighted that there are many clinical trials of orthodontic adhesives, notably comparing chemical cured (CC) composite with either light cured (LC) composite or conventional chemical cured glass ionomer cement (CC GIC), but few could be included due to the inappropriate statistical analysis of the trials. Fewer studies have included materials such as compomers or resin-modified light cured glass ionomer cement (LC GIC).
It was very disappointing that so many studies could not be included in the review because of inappropriate statistical analysis. In addition, a formal meta-analysis could not be carried out on the data because although per cent bracket failure rates were reported, the means and standard deviations for each group, were not always published. Split-mouth studies were frequently analysed by Chi 2 tests failing to take the pairing of the data within the patients' mouths into account. Other studies were excluded as teeth were treated independently in the analysis, ignoring the clustering of teeth within the mouth. Another issue is the inappropriateness of conducting survival analysis using second time failures.
Qualitative comparison of orthodontic adhesives
(i) CC composite versus LC composite It was notable that many composite adhesives from different manufacturers have been studied. However, when stringent exclusion criteria and quality analysis are used, it proved impossible to make generalisations about whether a light cured or chemical cured composite should be used. This is disappointing, since the review has highlighted a lack of scientific evidence to either support or refute the advantage of light cured systems.
(ii) CC composite versus CC conventional GIC The use of a composite resin adhesive over conventional glass ionomer cement, at their present stage of development, is supported. However, it was surprising that decalcification was not investigated by this comparative study. (iii) CC composite versus compomer The only trial to carry out this comparison found no evidence to suggest that a compomer did not have a comparable bracket failure rate to a CC composite. This suggests that the role of compomers for future orthodontic bonding may merit further investigation, particularly in view of their possible potential for reducing decalcification.
Reporting quality
The high rates of patient follow-up suggest that it is possible to minimise 'attrition bias' in trials comparing orthodontic adhesives. However, for other quality indicators the reporting quality was low. In particular for describing characteristics of patient withdrawals or dropouts and for attempts to make the studies either single blind or double blind. It would be possible to blind both the patient and the operator if both adhesives being compared were either light or chemical cured and had the same mixing requirements. Patients could be blinded, if adhesives with different polymerisation mechanisms were used. It is also possible to blind the operator by having a different clinician placing the brackets.
A U T H O R S ' C O N C L U S I O N S Implications for practice
It is not possible to draw anything other than tentative conclusions from this systematic review of orthodontic adhesives, primarily because of the weakness in the design and reporting of existing trials. Therefore, at present, there is no clear evidence on which to make a clinical decision of the type of orthodontic adhesive to use.
Implications for research
There are a number of suggestions that may be made as a result of this review, the majority of which are based on the quality of reporting of clinical trials. Researchers might consider.
• Undertaking randomised controlled trials involving resinmodified light cured glass ionomer cement (LC GIC) or compomers.
• Calculating a sample size a priori.
• Stating clear inclusion and exclusion criteria.
• Describing patient withdrawal and drop outs and modifying the statistical analysis if appropriate.
• Assessing for occlusal interferences that may affect bond failure.
• Attempting to make studies single blind (patient) or double blind (patient and operator) if feasible.
• Treating all patients in the same way apart from the intervention.
• Measuring decalcification as a secondary outcome where appropriate.
• Using appropriate statistical analysis and involving a statistician in the design and analysis of the trial. In split-mouth studies, it is important that the data are analysed taking the clustering or pairing within the patient into account.
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C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Millett 2000
Methods
Controlled clinical trial conducted as a hospital-based study in the UK. 
A D D I T I O N A L T A B L E S
